Abstract. Iron disulfide (FeS 2 ) is attractive as a positive electrode material in lithium batteries because of its low material cost, environmental non-toxicity, and high specific energy density.
Introduction
Pyrite (Iron disulfide) has been demonstrated to be a very useful material for the development of electrodes for advanced lithium batteries. The abundance, non-toxicity, and high theoretical specific energy of the Li/FeS 2 couple (1273 Wh/kg based on 4e -/FeS 2 ) make the natural mineral, pyrite, a promising cathode material for lithium batteries [1] . Experimental lithium secondary cells with pyrite electrodes have presented excellent reversible specific energy density at high temperatures (400~450℃) or specific capacity at moderate temperatures (625 mAh/g at 135℃) [2] . However, the room-temperature cycleability of Li/pyrite cell has not shown good results for rechargeable batteries until now. Furthermore, the discharge capacity and cycleability of lithium/pyrite cell can be changed according to experimental conditions.
In the present work, we investigated the room-temperature cycleability and electrochemical properties of lithium/pyrite batteries. Pyrite composite electrodes were prepared and characterized by X-ray diffractometer (XRD), scanning electron microscopy (SEM), and electrochemical methods.
Non-aqueous organic electrolyte was used as an electrolyte for the lithium/pyrite batteries.
Experimental Procedures
Natural FeS 2 sample was used in this study. Natural pyrite crystals were ball-milled for 6h and the powder obtained was sieved (400mesh). The powder was characterized by elemental analysis, SEM (JEOL JSM 5600), X-ray diffraction (XRD, D8 Advance, Bruker AXS), and electrochemical methods. To prepare FeS 2 composite electrodes were mixed active material (natural pyrite, 60 wt%), poly(vinylidene fluoride) (PVDF, Aldrich Co. 20 wt%) binder, Super-P black (carbon black, 20 wt%) and N-methyl pyrrolidone (NMP) solution. The slurries obtained were spread upon aluminum foil in air at room temperature using Doctor-blade casting method. After solvent evaporation at 90℃ in vacuum oven, the electrode foil was cut into disk electrodes (1.1㎝ diameter). These electrode disks were dried in vacuum at 90℃ for 24h and then stored within a glove box. The thickness of the resulting composite cathode ranged from 20 to 30㎛.
The electrolyte consisted of 1M LiN(CF 3 SO 2 ) 2 (LiTFSI) dissolved in tetra(ethylene glycol) dimethyl ether (TEGDME), 1M LiTFSI dissolved in TEGDME:1,3-dioxolane (DOX) (3:7, 5:5 and 7:3, vol%) and 1M LiPF 6 dissolved in EC:DMC (1:1, vol%). The electrochemical cells studied comprise a lithium foil anode, 1M LiTFSI-TEGDME with separator (Celgard ® -2400) and 60wt% pyrite-based cathode. The stacked cells were held under pressure inside a coin cell.
The electrochemical tests were performed by WBCS 3000 Battery Tester and Zahner Electrik IM6 impedance measurement system at room temperature. The AC measurements were performed over a frequency range of 2 MHz to 10 mHz. The cutoff voltage of 1.2V was used for all cells. All the experiments in this study were carried out in an argon-filled glove box, where H 2 O content was controlled below 10ppm. We have investigated the effect of interfacial resistance on the initial discharge capacity of Li/FeS 2 cells as a function of the electrolyte solution composition (Fig 3) . A Li/FeS 2 cell with EC:DMC=1:1(vol%) solvent showed the lowest interfacial resistance. Accordingly Li/pyrite cell has shown a sufficient possibility as a cathode material for lithium batteries. However, the room-temperature cycleability of Li/FeS 2 cell has not shown good results for rechargeable batteries until now. Figure 5 shows the 1st and 20th specific capacities of Li/FeS 2 cells with various solvents at room temperature. Compared with the discharge capacities using TEGDME solution electrolyte, the first discharge capacity at TEGDME solvent was higher than using EC/DMC. The Li/FeS 2 cell with TEGDME shows the highest initial discharge capacity, but the Li/FeS 2 cell with TEGDME:DOX=5:5 (vol%) shows better cycleability than the cells with other electrolytes. As this Discharge capacity (mAh/g) EC:DMC=1:1(vol%) TEGDME TEGDME:DOX=7:3(vol%) TEGDME:DOX=5:5(vol%) TEGDME:DOX=3:7(vol%) cut off : 1.2V Fig. 4 The initial discharge curves of Li/FeS 2 cells with various solvents. result, 1M LiTFSI dissolved in TEGDME and a mixture TEGDME and DOX were shown to be appropriate electrolyte for rechargeable Li/FeS 2 batteries.
Results and Discussion
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Summary
Natural pyrite was used as a cathode material for Li/FeS 2 cells, and the electrochemical characteristics was investigated at room temperature. The pyrite electrode in 1M LiTFSI dissolved in TEGDME-based electrolyte shows better cycling performance than carbonate type electrolyte.
The discharge capacities of FeS 2 electrode with TEGDME solvent were 780 and 320 mAh/g at 1st
and 20th cycles at room temperature, respectively. Natural pyrite is shown to be a promising cathode material for high energy density batteries.
